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Chemicals made of chain molecules called block copolymers can self-
assemble into various ordered structures, such as lamellae, cylinders,
and spheres. Using self-assembled crystalline-amorphous block copoly-
mers, scientists have grown ordered polymer nanocrystals, which are
expected to be used in advanced optical applications. X-ray scattering
studies at the NSLS revealed that, simply by varying the crystallization
temperature, the tiny crystals can orient in different directions with re-
spect to the interface between the crystalline and amorphous domains
in the copolymer. Crystal growth can also be tailored in specific direc-
tions by conforming to the geometry of the block copolymer nanophases
at high temperature.

Polymers in a confined space of a
few nanometers, or billionths of a
meter, are expected to exhibit a dif-
ferent structure, stability and mor-
phology than ordinary bulk poly-
mers. For instance, the polymers
can be confined in mesoporous in-
organic materials, which are made
of pores that are 2 to 50 nanom-
eters in diameter. But if no specific
interactions occur between the in-
organic material interfaces and the
crystalline polymers, it is very dif-
ficult to drive polymers into the
nanopores.

To avoid this constraint, a team of
scientists from the University of
Akron in Ohio, the Massachusetts
Institute of Technology, the Charles
Sadron Institute in
Strasbourg, France, and
the State University of
New York in Stony Brook
has been successfully us-
ing mesophases (typically
ordered phases with sub-
micron sizes) of a crystal-
line-amorphous diblock
copolymer � which form
by simultaneous self-as-
sembly process � to study
confined polymer crystal-
lization in nanospaces.

The copolymer, called
polystyrene-b-polyethyl-

ene oxide (PS-b-PEO), is made of
polystyrene (PS), an amorphous
polymer with a glass transition
temperature of 100 degrees Cel-
sius, and polyethylene oxide (PEO),
a crystalline polymer with an equi-
librium melting temperature of 69
degrees Celsius. Because of their
distinct chemical nature, PS and
PEO strongly segregate from each
other, so after the PS matrix
glassifies, the crystallized PEO
blocks are completely confined
within the nanospaces of the co-
polymer.

The PEO nanocrystals were inves-
tigated on macroscopically-ori-
ented (a single domain in microns
or even milimeters) PS-b-PEO

single crystals using simultaneous
small and wide-angle X-ray scat-
tering (SAXS and WAXS) tech-
niques at the NSLS�s Advanced
Polymer beam line X27C. The de-
tailed experimental setup is dis-
played in Figure 1.

High-resolution SAXS revealed that
the PS-b-PEO sample with 0.39
percent of PEO in volume exhibits
a hexagonally perforated layer
(HPL) phase, where the PS and PEO
layers are alternating and each PEO
layer is made of two-dimensionally
packed PS perforations, as shown
in Figure 2.

The researchers also studied how
the nanolayers and nano-PS cylin-

ders in the PEO layers af-
fect the crystallization be-
havior of the PEO blocks.
The WAXS results showed
that the PEO crystal orien-
tation in the HPL phase
changes with the crystal-
lization temperature. At
low temperatures, the PEO
crystals preferentially ar-
range parallel to the layer
plane (Figure 2a top),
while above zero degree
Celsius, the crystals be-
come inclined with respect
to the layer plane (Figure
2b top). The team also no-
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Figure 2. Nano-tailored PEO crystalline morphologies at (a) -50 °C ≤  Tc≤ -10 °C and (b) Tc ≥ 0 °C. A nanophase is defined
by x, y, and z, and crystal unit cell axes are a, b, and c. The top view of the HPL phase is shown at the bottom, and the side
view at the top.

Figure 1. Experimental setup for simultaneous SAXS and WAXS at beamline X27C at NSLS.

ticed that the ribbon-like PEO crys-
tal grows along the arrays of the
hexagonal PS perforations (Figure
2b bottom).

Surprisingly, the WAXS experi-
ments showed that crystal orien-
tation forms in an early stage of
crystallization with a crystallinity of

~ 7 weight  percent. The early
stage crystal orientation clearly
reflects the confined effect on poly-
mer crystallization in nanospaces.

These results not only show the
scientists� ability to manipulate
polymer crystalline morphologies
confined in nanospaces, but also

reveal the details of polymer crys-
tallization on the nanoscale. Fur-
ther study will investigate the crys-
tal orientation mechanism and ex-
plore polymer crystallization in
compounds with more elaborate
mesophases, such as double
gyroids.


